SUMMARY A clinicopathological study was performed in 23 patients who died from acute transmural myocardial infarction and who had been studied with thallium-201 during the acute phase. Twenty patients died within five days and three later than five days after scintigraphy. The scintigraphic location and the estimated size of infarction in vivo were correlated with postmortem findings. There was good agreement in 91% between scintigraphic and postmortem location of infarction and in 70% between the ECG and postmortem find-SCINTIGRAPHIC VISUALIZATION OF MYOCAR-DIAL PERFUSION DEFECTS with thallium-201 has recently been shown to be a highly sensitive and reliable technique for the detection of acute myocardial infarction (AMI), especially in the first six hours after onset of symptoms."2 A good correlation was found between electrocardiographic and scintigraphic location of infarction.3 No correlation between data from thallium-201 scintigraphy in vivo and findings at postmortem examination have yet been described in patients with AMI. The purpose of this study was to compare location and size of infarction obtained from scintiscans in vivo with the actual postmortem findings. In addition, myocardial distribution studies were performed in ten patients who died within five days after1injec-tion of thallium-201.
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Material and Methods
Of 550 patients with AMI, who were consecutively studied with thallium-201, 33 patients died from complications of their infarction; autopsies were performed in 23. The data from these 23 patients form the basis for this study. Clinical data are shown in table 1. All patients had AMI with typical history of chest pain and typical serial enzyme rises. Twenty patients had diagnostic ECG changes, one patient (14) had left bundle branch block. In two patients (9, 10) no diagnostic ECG changes were observed. In patient 9 this was probably caused by an old infarction. In patient 10 only ST-segment depression occurred in all leads. Electrocardiographic location of infarction was determined according to the criteria of the New York Heart Association.4 Ten patients died from cardiac rupture, 12 from pump failure, and one patient had sudden death on the tenth day after ings. The size of infarction as determined from computer-processed schematic drawings of postmortem slices of the heart correlated well with the size determined from processed schematic drawings of the scintiscans (r = 0.91 for anterior infarction, r = 0.97 for inferior infarction, r = 0.86 for anterior-inferior infarction). It is concluded that thallium-201 scintigraphy provided more precise location of infarction than the ECG and that the size of the scintigraphically abnormal area reflected the extent of necrotic myocardium.
AMI. Nine patients died within 24 hours, 11 patients died between one and five days, two patients died on the tenth day and one patient died four weeks after thallium-201 scintigraphy. None of the patients in this study had d-blocking treatment at the time of scintigraphy. Three of the patients who died from pump failure (1, 13, 18) Linear Pearson correlation coefficients and regression lines were determined for ESC%, CSC%, and PM%.
In five patients (14, 15, 19, 22, 23) , who died within two days after injection of thallium-201, transverse slices of the heart were studied by scintigraphy for comparison with in vivo images. In ten patients (5, 10, 14-16, 18-20, 22, 23) 
Results
In all patients the scintiscans obtained during life showed a defect or area of decreased thallium-201 activity, which was interpreted as the site of infarction (table 2). In patient (4, 9) , the microscopic study of the heart revealed a much larger infarction than was suspected from macroscopic inspection. No NBT staining was applied in these cases. The autopsy findings in patient 10 revealed a large circumferential infarction. This patient had concomitant severe aortic stenosis. In patient 20 definite infarction was present at the inferoposterior wall with subendocardial extension into the anterior part of the septum ( fig. 7 ). Thallium-201 concentration studies (see below) offered evidence that the extension toward the septum represented a secondary enlargement of infarction after scintigraphy was performed. In seven patients (6-9, 12, 13, 17) scars of previous infarction were present. In two patients (6, 8) these old scars were not visualized on the scintiscans.
Site of Infarction
Correlation of the site of infarction as determined in vivo by ECG and thallium-201 scintigraphy and the site of infarction as determined at postmortem examination is shown in tables 2 and 3. In 91% of the cases there was good agreement between scintigraphic and postmortem location of infarction. Minor disagreement concerned the extent of the infarction. In one patient (13) there was complete disagreement. In this patient the -scintiscans showed an extensive inferoposterior perfusion defect, which, at autopsy, was found to represent a previous infarction. A fresh infarction, involving one third of the septum, was not observed on the scintiscans. The location of infarction was similar in both the ECG and the postmortem findings in only 70% of the patients.
Size of Infarction
The correlation between size of scintigraphic perfusion defect and size of infarction at postmortem is shown for 19 '[hallim-201 I)istribution Figure 4 shows myocardial scintiscans of patient 15 obtained during life and of a transverse slice of the heart at postmortem. The site of absent activity of thallium-201 in the postmortem slice correlates well with the interpretation of the in vivo images. Also the other four cases in which postmortem scintigraphy of slices of the heart was performed showed excellent agreement with in vivo scintiscans. Figure 5 illustrates the distribution of thallium-201 in the same transverse slice as in figure 4 . A significant difference (P < 0.05) exists between mean values of normal and infarcted myocardium. Table 5 gives the thallium-201 distribution in the myocardium of ten patients. The data are expressed as fraction of administered radioactivity per gram tissue x 105 (average values) at the time of death. In all patients (except patient 10 who had a large circumferential infarction) there was significant difference (P < 0.05) between thallium-201 activity in normal and in infarcted myocardium. The ratios of mean values for normal and infarcted myocardium ranged from 1.5-6.6:1. Figure 6 shows a NBT-stained slice of the heart of patient 19 and the scintigraphic image of the adjacent slice. Measurements of thallium-201 distribution revealed a definite transitional zone (values 3.26-7.75) between normal and macroscopically infarcted myocardium. Without NBT staining this zone could not be recognized as infarcted, but microscopically there was evidence for infarction. The differences in mean values for the three zones were statistically significant -(P < 0.05). Figure 7 shows a NBT-stained slice of the heart of patient 20 study so that the heart damage at autopsy probably did not differ much from that present at the time of scintigraphy. The site of infarction as predicted by scintigraphy showed only minor disagreement with the postmortem findings. In five of 12 patients with antero(septal) infarction the scintiscans indicated also lateral involvement, which was not observed at postmortem examination. In our experience the lateral wall is sometimes difficult to judge when only our three routine views are made. This is likely to be due to the individual variation in the position of the heart and differences in visualization of the mitral orifice. 8 The site of infarction is of prognostic significance.7 Thallium-201 scintigraphy provides an additional diagnostic aid in recognizing patients with AMI at high risk, especially in patients with abnormal ventricular activation pattern (i.e., left bundle branch block, pacemaker rhythm, WPWsyndrome), where ECG diagnosis and localization of infarction is difficult.8 Although the number of patients in this study is relatively small, our data suggest that thallium-201 scintigraphy might provide more precise localization than the ECG. In a previous study3 comparing electrocardiographic and scintigraphic localization of infarction, we found that three quarters of electrocardiographically located inferior infarctions also extended into the posterior wall on the scintigraphic images.
Estimation of infarct size during the acute phase of AMI is of crucial importance when therapeutic efforts to reduce the extent of jeopardized myocardium are being considered. Initially we doubted that accurate estimations of the size of malperfused or infarcted myocardium could be made reliably from thallium-201 scintiscans. Our skepticism was based on the following considerations.
I) It seemed difficult to relate two-dimensional projections with a three-dimensional shape. Moreover, the heart cannot be viewed from all angles due to technical difficulties such as patient positioning and photon absorption.
2) The static images represent the integrated radioactivity distribution of a moving organ.
3) Changes in size of scintigraphic abnormalities occur during the first 24 hours after AMI.2 The situation is usually stabilized only after 24 hours.
4) The schematic drawings were subjective interpretations of the outlines of scintigraphic abnormal areas. Usually there was no sharp demarcation. 5) No differentiation was made between areas of absent activity and areas of diminished activity, whereas they most probably represent different anatomical situations.
6) Macroscopic recognition of infarction from postmortem specimen demands a time interval of approximately 24 hours between onset of AMI and death. However, NBT staining permitted earlier recognition. 7) Delineation of the extent of infarcted regions from postmortem specimen was an approximation. Here again NBT staining was helpful.
In spite of these limitations, scintigraphically estimated size of infarction and postmortem findings correlated well and the relationship was stronger when the location of the infarction was included. A constant overestimation, by approximately 10%, was found in evaluation of the scintiscans with the naked eye. When the schematic drawings were processed by the computer, the regression line approached the line of identity.
In this study the correlation was not influenced by time of scintigraphy after infarction or time interval between scintigraphy and death. This seems in contradiction with our previous observations2 that, especially during the first hours after onset of AMI, thallium-201 scintiscans overestimate the actual size of infarction by visualizing surrounding ischemia. These observations of decreasing size of defects were most impressive in small infarctions. In the present study all patients had moderate to large transmural infarctions and all patients died from complications of their infarctions. Therefore, the results in this study do not necessarily apply to the general population of patients with AMI. Although a correlation was found between scintigraphic and postmortem studies, the scintigraphic abnormal area observed in vivo may not represent only infarcted tissue at the time of scintigraphy. The infarction could have extended between scintigraphy and death. This is less likely in patients who died from cardiac rupture than in patients who died from pump failure, in whom secondary extension of infarction may occur.9' 10 Indeed two of the patients with cardiac rupture and two of the patients with pump failure in our study showed overestimation (indicating ischemia) and underestimation (indicating extension), respectively.
We believe that estimation of the extent of ischemic or infarcted myocardium, without differentiation between the In this study scintigraphic images obtained in vivo were compared to in vitro scintigraphy of transverse slices of the heart. Thallium-201 distribution reflected the extent of infarction as demonstrated with NBT staining. In one of the five patients a NBT-stained and low thallium-201 activity zone was present ( fig. 6 ). This zone was partly faintly/partly normally NBT stained at the lateral wall and partly unstained/partly normally stained in the septum. Microscopically the unstained regions revealed fresh necrosis, but in the normally NBT stained areas patchy necrosis was intermingled with normal myocardial fibers. One could explain this finding by assuming that severely ischemic myocardium at the time of scintigraphy progressed into infarction. In view of the short time interval (1¾/4 hours) between scintigraphy and death in this patient, the possibility exists that no sharp demarcation in thallium-201 uptake at the border of an infarction occurs. In experimental infarction in dogs Buja et al."4 observed a similar thallium-201 accumulation in the outer periphery of an infarcted area. Since thallium-201 concentrates in the myocardium primarily according to regional perfusion" it was surprising that thallium-201 activity was measurable in the necrotic tissue. At autopsy the ratios of activity per gram tissue in normal myocardium versus infarcted myocardium ranged from 1.5-6.6: 1. Due to the time interval between scintigraphy and death we suppose that these relatively low ratios may not reflect the actual ratios at the time of scintigraphy. Thallium-201 may have entered the necrotic tissue by passive diffusion or by subsequently developed collateral flow. It is also possible that passive diffusion after death accounted for this finding. Autopsy was in this study never performed earlier than 10 hours after death.
From this preliminary study we conclude that thallium-201 scintigraphy is a valuable tool for precise localization of malperfused or infarcted myocardium. Scintigraphy was found to be superior for this purpose to the ECG. Since in this study the size of the scintigraphically abnormal area reflected closely the extent of infarction, we speculate that in the clinical setting estimation of size of malperfused or infarcted myocardium can be done from analog scintiscans. Further prospective clinical-studies are needed to establish the clinical relevance of our findings.
